1. We measured pulmonary conductance (GL), dynamic compliance (Cdyn.), and arterial pressure in chloralose-urethane anaesthetized guinea pigs for 30min after intravenous infusion of either leukotriene (LT) C4 (1 pg/kg) or LTD4 (0.5 pg/kg) to control or indomethacin-pretreated (30 mg/kg) animals.
Introduction
Slow-reacting substance of anaphylaxis (SRS-A) [ l , 21, a potent smooth muscle contractile activity generated during immediate type hypersensitivity reactions, is now known to contain leukotriene (LT) C4, LTD4 and LTE4 are potent constrictors of guinea-pig airway tissues in vivo and in vitro . Intravenous infusion of natural SRS-A and synthetic LTC4 or LTD4 to the guinea pig reduces pulmonary dynamic compliance (cdyn.) more than pulmonary conductance (GL), in comparison with other agonists such as histamine or prostaglandin Fzc, [7, 12] . The observation that the ratio of changes in GL/Cdyn. was substantially less than 1 suggested that leukotrienes LTC4 and LTD4 were relatively selective peripheral airway agonists [7, 10, 121 . Since thromboxanes (TX) and prostaglandins (PG), both cyclo-oxygenase products of arachidonic acid metabolism, are known to be generated and released after intravenous infusion of LT in the guinea pig [13], we studied the effect of indomethacin pretreatment on the pulmonary mechanical and systemic arterial pressure responses of anaesthetized guinea pigs resulting from intravenous infusion of LTC4 and LTD4. When the cyclo-oxygenase system is inhibited by indomethacin pretreatment, LTC4 and LTD4 infusions elicit changes in GL and cdyn. of identical magnitude, whereas, in the absence of cyclo-oxygenase inhibition, LT infu-
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sions cause significantly greater decrements in &n.
than in GL. This suggests that cyclo-oxygenase products generated after LT infusion modulate the primary activity o f intravenously administered LT, possibly by a preferential action on peripheral pulmonary tissues.
Methods
Male Hartley strain guinea pigs (310-620 g body weight) were anaesthetized by the intraperitoneal injection of a-chloralose (50 mg/kg) and urethane (500 nig/kg). They were placed in the supine position, the trachea was cannulated with polyethylene tubing (PEr200) and the carotid artery and cephalic vein were cannulated with polyvinyl chloride cannulae (0.50 mm o.d., 0.25 mm i.d.), used for determination of mean systemic arterial pressure and administration of pharmacological agents respectively. The animals were placed in a whole body plethysmograph with the tracheal cannula connected to a small animal ventilator (Harvard Apparatus Division of Earling Scientific, Natick, MA, U.S.A.; model no. 681) adjusted to a tidal volume of 6-8 ml/kg at a rate of 60 breaths/min as previously described [14] . The chest was opened by removal of the fifth to eighth ribs bilaterally and the plethysmograph closed. Tidal volume was determined from the plethysmograph output and flow was determined as the first time derivative of the volume signal. Transpulmonary pressure was determined as the differential pressure between the plethysmograph interior and a tap in the tracheal cannula. From these primary signals pulmonary resistance and Cdyn, were computed on a breath to breath basis by a respiratory analyser model 8816) . In addition, flowvolume and pressure-volume loops were displayed on a storage oscilloscope and calculations of pulmonary resistance and Cdyn. from photographs o f these loops were used as a check on the respiratory analyser output. Lung conductance was determined as the inverse of resistance. Measurements of Cdyn. and GL were standardized for body weight. At 30-60 min after completion of the preparation animals received an intraperitoneal injection of either 0.5 ml of Tris buffer (1 mol/l), pH 8.0 (control group) or 3 , 3 0 or 100 mg of indomethacin/kg in 0.5 ml o f Tris buffer (1 mol/l), pH 8.0 (experimental group).
Leukotrienes were administered by rapid intravenous infusion in 0.5 ml of sodium chloride solution (154 mmol/l: saline) 1 h after the injection of buffer with or without indomethacin. The doses infused were 0.5 pg of LTD4/kg (five animals in each group) and 1.Opg o f LTC4/kg (four animals in each group), doses previously determined to produce approximately equivalent changes in pulmonary function [7] . In both groups of animals cumulative dose-response relationships for histamine were determined 30 niin before the administration of the leukotriene by infusinggeometrically increasing concentrations of histamine intravenously over the concentration range 0.2-2.0 pg/ niin. Pulmonary resistance, Cdyn, and mean systemic arterial pressure were recorded continuously from the beginning of the experiment.
The relative contributions of mechanical and pharmacological factors to the prolonged depression of cdyn, observed after infusion of LT were also investigated in two control and two experimental animals receiving LTD4 (0.5 pg/kg). Hyperinflation to 80-9076 vital capacity was performed 2 min after the leukotriene infusion by obstructing the expiratory port of the ventilator for three breaths. Pulmonary resistance and Cdyn. were recorded continuously before and up to 30 min after the LTD4 infusion.
Leukotriene C4 and LTD4 were prepared as previously described [5, 151 and stored frozen in 20% ethanol and phosphate buffer, pH 6.8, under argon until the day of use. Purity and concentration of leukotriene samples were assessed by determining absorbance and retention time of sample aliquots on reverse phase high performance liquid chromatography (RP-HPLC). Dilutions were such that the final ethanol concentration in the infused solution was always less than 0.4%. Histamine diphosphate and indomethacin were obtained from Sigma (St Louis, MO, U.S.A.). Statistical significance was tested by Student's t-test, P values of <0.05 being considered significant.
Results
Neither infusion of 0.4% ethanol nor injection of Tris buffer (1 mol/l), pH 8, with or without indomethacin, had any significant effect on GL, Cdyn. or mean systemic arterial pressure. There were no significant differences in baseline values for Cdyn. and GL between the control and indoniethacin-treated groups. Histamine dose-response relationships for GL and Cdyn. determined before intravenous infusion of leukotrienes in both control and experimental groups revealed no significant (P> 0.05) differences between groups when comparisons of mean GL and Cdyn. were made at each histamine dose.
Intravenous infusion of LTC4 or LTD4 resulted in a decrease in both Cdyn, and GL in control animals. These decrements in mechanical function were maximal at 30 s, mean GL remaining significantly (P < 0.05) below pre-infusion values for Atlmonary resporise to leukotrienes Intravenous infusion of LTC4 or LTD4 in animals pretreated with indomethacin (30 mg/kg) resulted in decrements in GL which were, on the average, significantly less in the first minute after infusion than those observed in control animals ( Fig. lb,d ). After the second minute, the decrement in GL was greater in experimental compared with control animals for both LTC4-and LTD4-treated animals and this difference achieved statistical significance for the LTC4-treated animals in the third, fourth and fifth minutes after infusion (Fig. lb) . The decrease in mean Cdyn. resulting from leukotriene infusion in the experimental group was significantly less than that observed in the control group at all times up to 30min for animals receiving LTD4, and for all times, except the third, fourth and fifth minutes, for animals receiving LTC4 (Fig. la,c) . Pretreatment with indomethacin (3 mg/kg) resulted in qualitatively similar changes in Cdyn. and cL in experimental as compared with control animals but these changes failed to reach statistical significance. Pretreatment with indomethacin (100 mg/kg) had an effect on GL and Cdyn. that was indistinguishable from that resulting from the 30 mg/kg dose.
In two control animals hyperinflation performed 2 min after LTD4 infusion substantially reversed the early fall in Cdyn. (Fig. 2) as compared with animals not subjected to hyperinflation (Fig. lc) . In contrast, the time course and magnitude of change in Cdyn. in indomethacin-treated animals was not altered by the hyperinflation manoeuvre (Fig. 2) . Thus, after hyperinflation the changes in Cdyn. were the same with and without indomethacin pretreatment.
Mean systemic arterial pressure decreased to a minimum at 4 min with LTC4 and 5 min with LTD4 infusion in control animals (Fig. 3) (P< 0.05) from baseline values from 30 s to 30 min. When systemic arterial pressure responses at individual time points were compared between indomethacin-treated and control animals after LTC4 and LTD4 infusion, the hypotension was significantly greater in the indomethacin-treated animals 7.5 min after LTC4 infusion (Fig. 3a) .
Discussion
We have previously suggested [7, 10, 121 course and relative overall site of pulmonary response to the leukotrienes, but that LTC4 and LTD4 have substantial effects independent of these pathways (Fig. 1) . Without indomethacin the response to intravenous infusion of either leukotriene was characterized by an initial marked fall in both Cdyn. and GL at 30 s and the magnitude of the decrement in Cdyn. exceeded that in GL over the entire time course examined (Fig. 4) . Pretreatment with indomethacin at 30 mg/kg, a dose known to inhibit cyclo-oxygenase in the guinea pig [20, 21] , results in the loss of the marked initial decreases in Cdyn.
and. CL which follow infusion of LTC4 or LTD4.
These findings suggest that synthesis and release of cyclo-oxygenase products such as thromboxanes and prostaglandins are responsible for the early pulmonary respmse to leukotriene infusion, the short-lived nature of the response perhaps reflecting the brief half-life of thromboxanes [19, 22] in vivo. Indoinethacin pretreatment also attenuates the entire Cdyn. response to LT infusion while augmenting the GL response to LTD4 and LTC4 infusion from the second minute after infusion (Fig. 1) . Vargaftig et al. [17] , who claimed to abolish the pulmonary effects of LTC infusion in the pentobarbitone-anaesthetized guinea pig by aspirin pretreatment, do, in fact, demonstrate in their paper that aspirin abolishes the acute effects of LTC infusion, but that a slow-reacting effect, similar to that seen in indomethacin-pretreated animals in the present study, persists. It is possible that synthesis and release of bronchoconstrictor (PCF2& and PGDJ prostaglandins may contribute to the predominant and prolonged (Cdyn.) response after LT infusion. The potentiation by indomethacin of tracheal contractile response to histamine, acetylcholine and LT reported by others [23-251 has been attributed to inhibition of local formation of PGEz [26, 27] , which would exert a bronchodilator effect in opposition to the contractile agonists [28] , an effect consistent with the augmented GL response in the indomethacin-treated animals in the present study.
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There is another explanation for the marked and persistent LT-induced fall in Cdyn. in control animals as compared with indomethacin-treated animals, based solely on mechanical grounds. Nonuniform peripheral airway narrowing or closure resulting from the initial (cyclo-oxygenase-dependent) pulmonary insult, under the circunistances of mechanical ventilation at a constant tidal volume, could persist even in the absence of an ongoing pharmacological effect. If this were the case, hyperinflation would reverse a substantial fraction of the marked changes in Cdyn. after infusion of LTD4, as was observed (Fig. 2) . However, after hyperinflation, in both control and experimental groups, a further decrement in Cdyn. occurred with a time course and extent similar to that seen in the other indomethacin-treated animals (Fig. Ic) . This suggests that hyperinflation 2 min after LT infusion reverses a process, possibly airway narrowing and closure, which is secondary to the initial pulmonary response to LT infusion but that this effect alone does not fully account for the persistent depression of Cdyn..
The source of the released cyclo-oxygenase products which facilitate and attenuate the immediate and subsequent pulmonary mechanical response is. not known. Indomethacin has some effect on the guinea-pig pulmonary parenchymal and tracheal response to leukotrienes in vitro [ 1 1,251, suggesting that the lungs themselves could be a source of cyclo-oxygenase products. There are other possible sources, including blood components, particularly platelets [22,29], and the vascular tree, although leukotriene-induced release of cyclooxygenase products from cells has so far been shown only for the rat peritoneal macrophage [30].
The prolonged hypotension seen after LTC4 and LTD4 infusion was similar in extent and duration to that previously reported by ourselves [7] and others [3 1-33]. Indomethacin pretreatment did not significantly alter the hypotensive response to LT infusion in a comparison between control and experimental groups except for significant potentiation of the response 7.5 min after LTC4 infusion; however, the hypertension elicited in the indomethacin-treated animals differed significantly from baseline in both LTC4-and LTD4-treated animals at an earlier stage and persisted for longer. In contrast, Piper et al. [33] to attribute the hypotension to release of cyclo-oxygenase products, most probably PG12. The present study utilizing chloralose-urethane anaesthesia does not support a causative role for cyclo-oxygenasp products in LT-induced hypotension. Possible explanations for the difference between our own and other studies may be the breed of guinea pig and the anaesthetic used. Since leukotrienes are known to cause arteriolar constriction Inhibition of cyclo-oxygenase by indomethacin pretreatment reveals a residual pulmonary mechanical response to leukotrienes which is slow in onset, peaking at 4-5 min, and persisting for 15-30 min (Fig. 4) . The time course and extent of changes in GL and Cdyn. are similar up to 15 min after infusion of both LTC4 and LTD4 (Fig. 4) . This primary effect is modulated by release of cyclooxygenase products, which produce an early intense and probably predominantly peripheral airways bronchoconstriction and a later bronchodilatation, which significantly opposes the primary bronchoconstrictor effect o f the leukotrienes. 
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